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Abstract: We used silane coupling agents to improve the bonding ability 
between wheat straw particles and UF resin, and investigated surface 
properties (wettability and surface roughness) and hardness of parti¬ 
cleboard made from UF-bonded wheat straw (Triticum aestivum L.) 
combined with poplar wood as affected by silane coupling agent content 
and straw/poplar wood particle ratios. We manufactured one-layered 
particleboard panels at four different ratios of straw to poplar wood par¬ 
ticles (0%, 15%, 30% and 45% wheat straw) and silane coupling agent 
content at three levels of 0, 5% and 10%. Roughness measurements, 
average roughness ( R a ), mean peak-to-valley height ( R z ), and root mean 
square roughness (. R q ) were measured on unsanded samples by using a 
fine stylus tracing technique. We obtained contact angle measurements 
by using a goniometer connected to a digital camera and computer sys¬ 
tem. Boards containing greater amounts of poplar particles had superior 
hardness compared to control samples and had lower wettability. Panels 
made with higher amounts of silane had lower R q values. 

Keywords: wheat straw particleboard, poplar wood, surface properties, 
wettability, silane coupling agent, hardness 

Introduction 

Approximately 95% of the lignocellulosic material available for 
particleboard production is wood. Decreasing availability of raw 
material and the need to conserve natural resources initiated 
research regarding the use of non-wood fibers in particleboard 
production (Dahmardeh Ghalehno et al. (2011). Cereal straw is 
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annually-renewable and available in large quantities in many 
regions of world, the worldwide production of cereal straw is 
estimated at 1.5 billion m 3 annually (Grigoriou 2000). Cereal 
straw has high fibre content. Traditionally, straw feed to live¬ 
stock, use as a fuel for heating and cooking, in India/Nepal, 
combine it with cattle dung to produce fuel farmers harvest grain, 
Also in no-till systems, it remains on the soil to be incorporated 
as a contributor to organic content. In North America, straw is 
baled for later use as bedding material and fodder. It typically 
bum or otherwise dispose the residues (stalks and husk). Burning 
wheat straw causes environmental problems such as air pollution, 
soil erosion and a decrease in soil biological activity (Grigoriou 
2000 ). 

In the last two decades, use of straw has been gaining research 
attention as a potential alternative fibrous raw material replacing 
wood for making particleboards (Azizi et al. 2011). However 
some problems still exist, including seasonality of availability, 
storage, scattered sources and bondability. Of these problems, 
bondability is a major unsolved technical problem, especially 
when urea-based resins are applied (Han et al. 1999). Morpho¬ 
logically, straw is more complicated than wood. Straw contains a 
relatively large number of elements, including the actual fibers, 
parenchyma cells, vessel elements, and epidermal cells, which 
contain high amounts of ash and silica .The epidermal cells of 
straw are the outermost surface cells covered by a thin wax layer. 
This surface layer reduces absorbance by straw of moisture from 
water-based adhesives such as urea-formaldehyde (UF) resin 
(Markessini et al. 1997). The layer therefore acts as a barrier to 
the gluing of straw with UF resin. Removing this bonding barrier 
layer from straw materials is a technical problem for perfor¬ 
mance enhancement of straw panels (Markessini et al. 1997; Han 
et al. 1999). Isocyanate is an alternative resin that can be used to 
improve the properties of these strawboards, but the use of iso¬ 
cyanate is hindered by its high cost; hence, it is not commonly 
utilized, especially in developing countries (Han et al. 1999). In 
addition, silane coupling agents are generally added when using 
isocyanate because they improve the adhesion between organic 
and inorganic materials (Han et al. 1998). We used silane cou- 
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pling agents to modify the characteristics of the inorganic surface 
by fixing organic functional groups onto it (Han et al. 1998). 
Particleboard is widely used as substrate for thin overlays such as 
laminates, resin impregnated papers, foils and as a direct finish to 
surface uses including furniture, counter and desk tops, cabinets, 
floor, wall, ceiling panels, door skin and office dividers. Rough¬ 
ness is a measure of the fine irregularities on a surface. The sur¬ 
face roughness of particleboard plays an important role since 
surface irregularities can show through thin overlays, reducing 
the final quality of the panel. When particleboard is used as sub¬ 
strate for surface coating, the particleboard surfaces must be 
capable of resisting peeling. Fine irregularities on the board sur¬ 
face will show through overlays, and this lowers the grade of the 
final product, and its quality, finishing and gluing. Wettability is 
an index of how fast a liquid will wet and spread on the parti¬ 
cleboard surface, or whether it will be repelled and not spread on 
the surface. Wettability is crucial for good adhesion in bonding 
between particleboard and coatings. Liquid surface coatings or 
adhesives must wet, flow and penetrate the cellular structure of 
wood to establish tight contact between molecules of the compo¬ 
site surface and its coating. The contact angle (CA) method is 
commonly used to detennine the wettability of particleboard. A 
CA value of zero indicates perfect wetting of a surface. Liquids 
can wet surfaces at CA values less than 90° (Baharoglu et al. 
2011 ). 

Our objective was to investigate the influence of silane cou¬ 
pling agents and percentages of poplar wood particles on the 
surface roughness, wettability and hardness of UF-bonded wheat 
straw (Triticum aestivum Z.)/poplar wood particleboards. 

Materials and methods 

Wheat straw and poplar wood particles 

We obtained poplar logs from forests in northern Iran. The agri¬ 
cultural lignocellulosic fiber was from wheat straw (Triticum 
aestivum L.) in Karaj, near Tehran. We prepared straw and poplar 
particles using a Pallmann knife ring flaker. All particles were 
air-dried to about 3% moisture content. Subsequently, we 
screened particles by handle sieve and oversize and undersize 
particles were removed. The average size of straw particles was 
34 mm x 2.56 mm x 0.33 mm and that of poplar particles was 23 
mm x 5.6 mm x 0.85 mm. Slenderness ratios for wheat straw and 
poplar particles were 80 and 27, respectively. The fractional 
analysis of straw particles in comparison to poplar particles is 
listed in Table 1. 


Table 1: Fractional (%) weights of straw and poplar wood particles 


Screen mesh width 

(mm) 

Poplar wood particles 

(%) 

Straw particles 

<%) 

>2<4 

24.83 

- 

>1<2 

22.29 

10.9 

>0.5<1 

36.40 

9.70 

<0.5 

16.29 

78.60 


Silane coupling agent 

We used amino silane coupling agent MU-CsHe-Si (OC2Hs)3 in 
our assessment of the properties of the straw/poplar wood parti¬ 
cleboards. The silane coupling agents (Merck Chemistry Com¬ 
pany, Gennany) had molar mass of 221.37 g-mol -1 , density of 
0.95 g-cm -3 at 20°C, boiling point of 217°C, flash point of 93°C, 
pH (20 g-mol -1 , H 2 O, 20°C) of 11, solubility temperature of 20°C, 
and ignition temperature of 300°C. 

UF resin 

We obtained commercial UF resin from Tiran Chemistry Com¬ 
pany, Iran. The resin was water dispersed with a solid content of 
62%, viscosity of 125 cp, gelation time of 54 s, pH of 7.5 and 
mass of 1.28 g/cm 3 . 

Board manufacture 

The UF resin was sprayed onto the particles in a blender at 10% 
resin content based on the oven-dried weight of particles. Silane 
coupling agent was mixed with the UF resin prior to blending, 
based on the weight of the resin solid. Based on the weight of the 
resin solid, 1% of NH 4 CI was added as the curing catalyst. Sam¬ 
ple boards were pressed into hand-formed mats 14 mm thick 
using distance bars at 180°C for 5 min and mats were pressed 
under a pressure of 35 kg-cm -2 . The board size was 400 mm x 
400 mm x 14 mm with targeted density of 0.70 g-cm -3 . We tested 
four ratios of straw to poplar (100/0, 85/15, 70/30 and 55/45) and 
three levels of coupling agent (0, 5% and 10%). Our experi¬ 
mental schedule is shown in Table 3. 

Mechanical and physical testing 

Prior to testing the physical and mechanical properties of sample 
boards, the boards were conditioned at (20±1)°C and (65±5)% 
relative humidity (RH) until they reached a constant weight. The 
surface properties of the samples were determined by the use of a 
fine stylus profilometer (Mitutoyo SJ-201P). Based on these 
variables, 12 board formulations were manufactured with three 
boards of each type, resulting in 36 boards in total. Three sam¬ 
ples were used from each type of panel for surface roughness 
measurements. Three roughness parameters described by DIN 
4768 standard (1990) as average roughness (i? a ), mean 
peak-to-valley height ( R z ), and root mean square roughness (i? q ) 
were measured to evaluate the surface properties of the panels. 
Surface roughness parameters were calculated from digital in¬ 
formation. The vertical displacement of the stylus was converted 
into an electrical signal by a linear displacement detector before 
the signal was amplified and converted into digital information. 
Ra is the arithmetic mean of the absolute values of the profile 
deviations from the mean and is the most commonly used pa¬ 
rameter in surface finish measurement. The surface roughness of 
the samples was measured to a sensitivity of 0.5 pm. Measuring 
speed, pin diameter and pin top angle of the tool were 0.5 mm-s -1 , 
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4 pm and 90°C, respectively. The length of tracing line (it) and 
cut-off were 12.5 mm and 2.5 mm (y), respectively. Measuring 
force of the scanning ann on the samples was 4 mN (0.4 gf). 
Measurements were done at room temperature and the pin was 
calibrated before the tests (Jarusombuti et al. 2010). 

The wetting behavior of the particleboard samples was char¬ 
acterized by the contact angle method (goniometer technique). 
The contact angles were obtained using a KSV Cam-101. By the 
sessile drop method, the most widely used procedure, the contact 
angle was determined simply by aligning a tangent with the ses¬ 
sile drop profile at the point of contact with the solid surface. The 
drop image was stored using a video camera and an image analy¬ 
sis system calculated the contact angle (h) from the shape of the 
distilled water drop at room temperature. An imaging system was 
used to measure contact angle, shape, and size of water droplets 
for the tested sample surfaces. The image of the liquid drop was 
captured by a video camera and the contact angle was measured 
by digital image-analysis software. After a 5 pL droplet of the 
distilled water was placed on the sample surface, contact angles 
from the images were measured at one fifth of a second. Three 
board samples measuring 50 mm x 50 mm x 14 mm were used 
from each type of formulation for contact angle measurements 
(Ayrilmis and Winandy 2010). 

The hardness behavior of the particleboard samples was char¬ 
acterized by Instron 4486 instrument and the Brinel method as 
described by ASTM 1037 standards (1990). Three samples of 50 
mm x 50 mm x 14 mm were used from each type of board for¬ 
mulation for hardness measurements. 

Statistical analysis 

The experiment was designed as factorial using a completely 
randomized design arrangement. The Duncan method was used 
to compare means (p <0.05). Statistical analysis was conducted 
using SPSS® software. 


Results and discussion 

Physical properties 
Surface roughness 

Surface quality of sample particleboards increased with increas¬ 
ing ratios of poplar to straw and increasing levels of silane cou¬ 
pling agents (p < 0.05 in both cases, Figs. 1, 2 and 3). 

Increased concentrations of silane coupling agents reduced 
surface roughness as indexed by R q values. This might have been 
due to better interfacial interaction between wheat straw and UF 
resin. The boards made with 10% silane coupling agent and 30% 
poplar particles had the smoothest surfaces. A typical commer¬ 
cially manufactured particleboard could have R a values ranging 
from 3 to 6 pm (Hiziroglu 1996). Our samples exceeded this 
range, suggesting that the surfaces of our panels was too rough to 
be accepted as a substrate without preparatory sanding. However, 
if the panels were sanded with a sequence of 150, 180 and 220 
grit sandpaper, their surfaces could be improved to meet the re¬ 


quirements for substrates for overlays (Hiziroglu and Holcomb 
2005). 



Fig. 1: Surface roughness ( R a ) of boards 



Fig. 2 : Surface roughness (S q ) of boards 



Fig. 3: Surface roughness ( R z ) of boards 


Wettability 

Panels made from 15% poplar particles and 10% silane coupling 
agent had the highest contact angles (Fig. 4). This might have 
been due to reduced bonding between the wheat straw particles 
in 100% straw board, which increased water diffusion into this 
type of panel. 

Adding poplar particles to a level of 30% had the positive ef¬ 
fect of reducing wettability. This might have been due to better 
bonding between poplar particles than between straw particles 
because of the waxy layer on the latter, and the resulting im¬ 
provement in compression during the pressing stage due to the 
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greater proportion of poplar particles. Increasing moisture con¬ 
tent of wood from 40% to 60% significantly improved wettabil¬ 
ity and caused smoother surfaces. (Baharoglu et al. 2011). 



Fig. 4: Wettability (contact angle) of boards 
Mechanical properties: Hardness 

Silane concentration had no effect on particleboard quality but 
the addition of poplar particles into wheat straw particleboard 
significantly increased hardness (Fig. 5). 



Fig. 5: The Hardness (Ha) of boards 

In general, boards made with greater proportions of poplar ex¬ 
hibited greater hardness than control samples. Maximum hard¬ 
ness was 4.56 N for board with 30% poplar particles and 5% 
silane coupling agent level. Adding poplar particles increased 
hardness duo to the greater compression of poplar particles in 
compaction with wheat straw particles during pressing. In addi¬ 
tion, higher density in poplar particles in compression with straw 
particles can be a good reason for illustrating this increasing. 
Doosthosseini and Abdolzadeh (2010) reported that the use of 
recycled corrugated containers (RCCs) improved the hardness of 
wood composites due to improved compaction of RCCs and 
better compression during pressing. 


Conclusion 

Wettability and hardness of wheatstraw particleboard were 
significantly improved by the addition of poplar particles. Add- 
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ing poplar particles from 15% to 45% significantly increased 
hardness, while adding poplar particles to 30% improved wetta¬ 
bility. The addition of silane coupling agents resulted in smooth¬ 
er particleboard surfaces. 

Panels made with 30% poplar particles and 5% silane coupling 
agent had greater hardness and less surface roughness, but panels 
made with 15% poplar particles and 10% silane coupling agent 
level had less wettability. 

In general, the addition of silane coupling agent resulted in 
better particleboard characteristics because of better adhesion 
between the UF resin and the straw particles. 
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